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SUMIfAET 



Force-test measurements in twc-dlmensional flow have 
teen made in the NAOA 4~ "by 6-foot vertical tunnel to de- 
termine the characteristics of an NAOa 0015 airfoil etuipped 
with a straight-contour plain flap having a chord 30 percent- 
of the airfoil chord. The straight-contour plain flap dif- "■ 
fere from an ordinary plain flap in that the surfaces he- 
hind the hinge axis are flat instead of conforming to the 
haaic airfoil contour. The results are presented in the 
form- of aerodynamic section characteristics for several flap 
deflections and for a sealed and unsealed gap at the flap 
nose. 

The slope of the lift curve of the NACA 0015 airfoil 
with the straight-contour i)lain flap was greater than for 
the-sa'pe airfoil with an airf o.il-contour plain flap of the 
same chord. The effectiveness of the straight-contour flap 
in producing Increments ef lift was slightly less with .gap 
at the flap nose sealed and slightly greater with gap 
unsealed, than the corresponding values for the airfoil- " 
contour fldp, For the straight-contour flap, the variation 
of the flap hinge moment with angle of attack and -with flap 
deflection was larger than for, the airfoil-contour flap. 
The straight-contour flap had approximately the sa?ie prof ile- 
•drag characteristicti as the airfoil-contour flap.- ■ 

■' -INTEODIJCTlbN ;• - 

The NAOA. has instituted an ext ensive "invest igat" ion of 
•• the aero'dynamic characteristics of various flap arrange- 
ments in an-.eiffo.rt to determine the types best- suited for 
^control • surfaces and to supply experimental data for 



design purposes. Tne results of this investigation that 
relate to the present report are given in reference 1 and 
in the reports listed in the "biTjliography. 

This paper presents the aerodynamic characteristics 
of an ITAOa 0015 airfoil with "a plain flap having a chord 
30 percent of the airfoil chord (0.30c) and a straight 
contour from the flap nose radius to the trailing edge, 
The aerodynamic characteristics of the NACA 0015 airfoil 
with the " straight"- contour flap" are compared with the 
aerodynamic characteristics, given in reference 1, of the 
same airfoil with a p. 30c plain flap having an airfoil 
contour from the fjap nose radius to the trailing edge. 
This plain flap of reference 1 will he referred to in 
this report as the "aiyf oil~contour f3.ap." 

APPABATUS AHD MODELS 



The tests- were made in the UACA 4- "by 6-foot • vert ical • 
tunnel descrihed- in reference 2. The test section of this 
tunnel has heen converted from the "original open, circular, 
5-foot-diamet er jet to acloaed, rectangular, 4- "by 6-foot, 
throat for, force tests of models in two-dimensional flow. 
A three-component halance system has heen installed in the' 
tunnel in order that forcer-teat measurements of lift, drag, 
and pit oiling moment may he made. The hinge moments of the 
flap were measured wi'bh- a special • to rq.ue-rod halance huilt 
into the model: 

The 2-foot-ch(5rd- hy 4^foot-span model (fig. lY was. 
made of laminated mahogany to the UACA 0015' contour (see 
tahle I), except that the 0.30c flap has a straight con- 
tour from the'flap nose" to the trailing edge'. The'nose 
radius of the flap was approximately one- half the airfoil 
thickness- at the flap hinge axis. The gap at the nose of 
the flap wa6 O.OOScand, for the sealed-gap tests, was 
filled with' light grease. 

The model, when mounted in the tunnel, completely 

spanned the test section except for small clearances at 
each end. With this type of installation two-dimensional, 
flow is approximated, and the section characteristics of 
the airfoil and the flap may he determin-ed. The model 
was attached to- the halance frame hy' torque tuhes that 
extended through the sides of the tunnel. The angle of 



attack was set from outside th-e tunnel by rotating the 
torque tubes with an electric drive. Jlap deflections 
were set inside the tunnel by templets and were held by 
a friction clamp on the torque rod that was used to meas- 
ure the flap hinge moment. 

TESTS 



The teats were made at a dynamic pressure of 15 pounds 
per square foot, which corresponds to an air velocity of 
about 76 miles per hour at standard sea-level conditions. 
The effective Eeynolds number of the tests was approximate- 
ly 2,7-60,000. (Effective Eeynolds number = test Eeynolds 
number X turbulence factor. The turbulence factor for the 
4- by 6-foot vertical tunnel is 1.93.) 

The flap was set, in increments of 5°, at deflections 
from 0° to 30° for tests with the gap both sealed and un- 
sealed, Por each flap setting, force tests were made 
throughout the angle-of-attack range at 2° increments from 
negative stall to positive stall. When either stall po- 
sition was approached, the increment was reduced to 1° 
angle of attack. 



EESULTS 
Symbols 

The coefficients and the symbols used in this paper 
are defined as follows: 

c^ airfoil section lift coefficient (l/qc) 

airfoil section profile-drag coefficient- .(d^/qc) 
Cjjj airfoil section pitching- moment coefficient (m/qc^) 
Cjj flap section hinge-moment coefficient (h/qcf^) 
• where 

"l airfoil section lift . 
d- airfoil section prof He, drag 
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m airfoil section pitching moment- about <itiart er- chord 
point of airfoil. • . 

h flap section hinge moment 

c chord of "basic airfoil with flap and tah neutral 

Cf flap chord 

Z dynamic pressure 

and . • . 

ttp angle of attack. for airfoil of infinite .aspect ratio 

r 

6f flap deflection with respect to airfoil 
also 




The suhscripts outside the parentheses indicate the 
factors he.ld constant during the measurement of the param- 
eters. • 

Precision 

The accuracy of the data is indicated "by the deviation 
from zero of lift and moment coefficients at an angle of 
attack of 0°. The maximum error in -effe-ctive 'angle of at- 
tack at zero lift appears to he about ±D.20.' Flap deflec- 
tions were set within ±0.2°, Tunnel corrections,' experi- 
mentally determined in the 4- by 6-fOot vertical tunnel, 
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v^ere applied onljr to lift. The hinge moments arB prol)a- 
bly slightly higher than would "be ©"btained in free air 
and, consequently, the values presented are considered 
conservative. The in^.rements of drag should he reasona- 
"bly independent of tunnel effect, although the ahsolute 
value is suhject to an unkiiown correction. Inaccuracies 
in the section data presented eve thought to he negligi- 
"ble relative to inaocuraoiee that will he incurred in the 
application of the data to finite airfoils. 



PEESBiigjATION OF DATA 



Aerodynamic section characteristics of the EfACA 0015 
airfoil with a O.'SOc straight-contour plain flap are pre- 
sented as functions of lift coefficient in figure 2. The 
characteristics with the gap at the flap nose sealed are 
shown in figure 2(a) and the characteristics \irith .the 0.005o 
gap are shown in figure 2(l)) . Part of the data in figure 2 
are replottpd in figure 3 to show the effect of gap on the 
variation of c-^ v;ith c^^ for three typical values of 

angle of attack. Increments of section profile-drag coef- 
ficient caused hy deflection, of the flap are given as .a' 
function of flap deflection in figure 4". 

The parameters for the straight- and airfoil-contour, 
iflaps are presented for- comparison -.in tahle 11. 



AEHOHTSTAMIO SECTION OHAHACTBSISTIOS . 
Lift 



Figure 2 indicates that the Lift curves for various 
deflections of the straight-contour flap on the iTACA 0015 
airfoil are of the same general shape as those f.or. the air- 
foil-contour -flap- on the same airfoil (reference 1.). The 
angle of. attack at which the airfoil stalled was ahout the 
same for "both f lap • cont our s . 

The slope of the lift curve Of for the straiglit- 

contour flap was s-lightly larger than the slope .for the 
airfoil-contour flap with the gap hoth unsealed and sealed. 
(See tahle II.) This increase inay "be attributed to the re- 
duced thickness of the . after . portion of the airfoil v;hich 
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causes the flow more nearly to approach the theoretical 
flow for thin airfoils. 

The ef f ectiTeness of the straight-contour flap in pro- 
ducing lift (^^ ^ was slightly less with the gap sealed 

and slightly greater with the gap unsealed than the offec- 
ti-veness of the airfoil-contour flap ^*ith the same gap con- 
ditions. The straight-contour flap v/as effective in pro- 
ducing incromants of lift at all flap deflections for all 
angles of attack at v^hich tests were run. Because of sep- 
aration phenomena, the effectiveness at large flap deflec- 
tions was not so great as at small deflections. 

With flap deflections and large angles of attack of 
opposito sense, the increment of lift coefficient due to 
flap deflection for the straight- and airfoil-contour flaps 
was greater with gap sealed than with gap unsealed; whereas, 
with flap deflections and large angles of attack of like 
sign, "both unsealed and sealed gaps gave approximately the 
same value of lift-coefficient increment. (See fig. 2.) 
The curve of lift coefficient as a function of flap deflec- 
tion for the straight-contour flap became nonlineax at flap 
deflections grester than 15° v/ith the gap sealed and at 
flap deflections greater than 20° with the gap unsealed. 

The parameter' ci ,' is a measure of control-free 

T3r(fr«e) 

sta"bility. The values of ci for the straight- 

o-Cfree) 

contour flap v/ere lower -with the open gap and ahout the same 
with the sealed gap as the values for the airfoil contour 
flap (tahle II) . 



Hinge Moment of fflap " 

The flap hinge-moment curves (fig. 2) for the straight- 
contour flap are linear over a very small range of angle p 
of attack. The curves of the airfoil-contour flap had the 
same general shape; that is, they were nonlinear over most 
of the test range. 

The slope cj, and the slope c-^ for the straight- 
a . ■ ' ^f ' 

. contour flap increased negatively over' the ' c orre spending 
values' for the airfoil-contour flap. The se ' increase s in 
cjj^ and cjj^g for the straight-contour flap are in 
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q.ualitatiTo agreement with. th.e data of reference 3, vrhich 
shoxT that an increase in the thickness of tie after por- 
tion of the airfoil .caused a decrease in c^, and Cj, ; 

conversely, a decrease in thickness of the after portion 

of the airfoil, as in the straight-contour flap, should 

produce an increase in cj^ aijid c-^ 

CO 8 ^ 

The hinge-moment parameters for both gaps are given 
in tahle II. Because of -the nonlinearity of the hinge- 
momont curves, the parameters Ch and cj^ measured 

at a flap deflection and an angle of attack of 0°, respec- 
tively, represant the curves over only a small range of 
angles of attack. The values of the parameters for un- 
sealed and sealed gaps' are indicative, however, of the 
relative merits of each arrangomcnt . The theoretical ef- 
fect of aspect ratio on the slopes of the curves for flap 
h'inge moment la discur-sed in reference 4. 

Por small flap doflections at angles of attack of -8° 
end 0°, the straight-contour flap vrith sealed gap had a 
larger hinge-moment coefficient at a given lift than with 
the unsealed gap. (See fig, 3.) At all other angles of 
attack and flap deflections sho\fn in figure 3, the hinge- 
moment coefficient for the straight-contour flap with the ^ 
unsealed gap v?as greater than v/ith the sealed gap. This 
characteristic is also true for the airfoil-contour flap 
(reference l) . 



Pitching Moment 

The slopes of the curves of pit ching-moment coeffi- 
cient as a function of lift coefficient at constant flap 
dofloction and at constant angle of attack are shown in 
tahle II. The aerodynamic center was located approximate- 
ly at the 0.23c station for the gaps hoth unsealed and 
sealed. This location of the aerodynamic center for the 
straight-contour flap is in close agreement v;ith that for 
the airfoil-contour flap. 

The aerodynamic center v/as expected to move toward 
the trailing edge "because , in reference 3, an increase in 
the thickness of the after portion of the airfoil caused 
the aerodynamic center to shift forward; conversely, a 
decrease in thickness of the after portion of the airfoil 
should cause the aerocynamic center to shift toward the 
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trailing edge. Apparently, the change in flap contour 
from airfoil to straight \fa.B too small to affect the loca- 
.tion of the aerodynamip center. 

vrhen the circulation was varied "by changing the ef- 
fectiVe camljer of the airfoil, that is, hy deflecting the 
flap, the aerodynamic center was at the 0.42c station 
v;ith the gap unsealed and at the 0.41c station with the 
gap sealed. These locations agree approximately with 
those for the airfoil-contour flap. The location of the 
aerodynamic center for deflections of the flap is a func- 
tion of aspect ratio (reference 4) and moves toward the 
trailing edge as the aspect ratio decreases. 



Drag 

Because of the unknovm tunnel correction, the values 
of drag coefficients cannot ho considered ahsolute; the 
relative valties, however, should he independent of tunnel 
effect. Incremonts of drag coefficient, plotted as a 
function of flap deflection in figure 4, wore determined 
hy deducting the drag coefficient of the airfoil with the 
flap neutral from the drag coefficient with the flap de- 
flected, with all other factors constant. At positive 
flap dof lections and at angles of attack of 0° and ±4°, 
the increment of drag coefficiont was larger- for the straight 
contour flap with unsealed gap than with the sealod gap. 

A comparison of figure 4 with figure 4 of roforence 1 
indicates that the increment of drag coefficient for the 
straight-contour flap was ahout the same as the increment 
for the airfoil-contour flap at low flap deflections. 

In those tests, the minimum profile-drag coefficient, 
uncorroctod for tunnel offocts, was found to ho. 0.0131 for 
the straight-contour flap v/ith sealed or unsealed gap. 
The airfoil-contour flap has a profile-drag coefficient of 
0.0130 with the gap sealod and 0.0134 with the gap unsealed. 



OONOLUSIOUS 



The results of tests of the NACA 0015 airfoil with a 
straight-contour plain flap having a chord 30 percent of 
the airfoil chord compared with the results of previous 
tests of the same airfoil with an airfoil-contour plain 
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flap of the same chord indicate the following conclusions: 

1. The slope of the lift curve, for the airfoil v;ith 
the straight-contout plain flap was greater than for the 
same airfoil v;ith the airfoil-contour plain flap. 

3. The lift effectiveness of the straight-contour 
plain flap was slightly less with gap sealed and slightly- 
larger with gap Unsealed than the' lift effectiveness of 
the airfoil-contour flap with the same gap conditions. 

3. For the straight-contour flap, the variation of 
the flap hinge-mQjnent coefficient with angle of attack 
and with flap deflection was larger than for the airfoil-" 
contour flap. 

4. The location of the aerodynamic center for -the 
straight-contour flap was in close agreement with the 
location of the aerodynamic center for the airf oil-.cont our 
flap. 

5. The airfoil had approximately the same drag char- 
acteristics for "both flap contours." 
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TABLE I. - OEDIITATBS ffOR NAOA 0015 AIEJOIL 
[Stations and ordinates in percent of airfoil chord] 



Station 


Upper 
surface 


Lower 
surface 




0 


0 


0 




1.25 


2.37 


-2.37 




2.5 


3.27 


-3.27 




5 


4.44 


-4.44 




7.5 


5.25 


-5.25 




10 


5.85 


-5.85 




15 


6.68 


-6 .68 




20 


7.17 


-7.17 




25 


7.43 


-7.43 




30 


7.50 


-7.50 




40 


7.25 


r.7.25 




50 


6.62 


-6 .62 




60 


5.70 


-5.70 




70 


4.58 


-4 .58 




80 


3.28 


-3,28 




90 


1.81 


-1 .81 




95 


1.01 


-1.01 




100 


(.16) 


(-.16) 




100 


0 


0 




1. 


E. radius; 2,48 





IABL3 II. - PAEAtlBTEE VALUES FOE 0.30c 
STEAI&HS- AUD AIEFOIL-OONTOUR PIAIU 
FLAPS ON AU mOA 0015 AIEffOIL 





Straight«»oont our 


flap 


Airfoil-contour flap 


Parameter 


0.005« gap 


Sealed gap 


0,005c gap 


Sealed gap 


(^^' 
\66f 


K 


-0.470 


. -0.560 


-0.460 


-0.580 .• 






,090 


.098 


.089 


.096 


\ da J 


free 


.071 


.081 


.075 


.080 




l. 


. .024 


.017 


.020 


.020 




1 

a 


~ . 168 


-.155 


-.170 


—.155 






-.0039 


-.0028 


<• 

-.0022 


- . 0023 






\36f 1 


1 


-.0084 


-.0089 


-.0063 


-.0080 



•L-366. 



c=24 




-.0032 C 



Gap " .oosc ^Straight /fne 

PJofn f/ap with sfraight conhur 
F/op hinae axis- 




flo p defoil com pan'n g airfoil ond .^fraighi confoars 



F/gure /-Ti/vo-foof chord NAC/\ 0015 oir foil with a 0.30 c plain 
straighi- contour flap. 



NACA ^ Fig. 2a 




-13 -I.O -.8 -.6 -.4 -.2 0 .2 .4 .6 .8 IJO 13 1.4 1.6 1.8 

Airfoil sscfron lift coefficient, c, 

(a) Sealed gap 

Figure 2(a,b).- Section aerodynamic characteristiea of an UACA 0015 airfoil rith a 0.30c 
straight-contour plain flap. 
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figs 3,4 



A/'rfoil section //// coefficieni, 

/^/gure ^-yar/afion of f/ap ^secii'on hinge -/r?omeni coe/f/'c/'enf' 

w'lih airfyil SecHon I iff coe^cient ^sei^emi angles of aifack. 
anef f/ap c/efJSffc//ons. NACf{ 0015 a/r^H. Plain flop w'tfh ^irai^ht 
confour. 
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